The suitability and viability of acute in situ bioassays were investigated in the biomonitoring program of an acidic lake contaminated with sulphur residues. Responses of organisms observed in laboratory and in situ bioassays were also assessed to determine whether or not they were similar and comparable, regarding accuracy and precision. Newborn Poecilia reticulata were employed as test organisms and exposed to the same water samples under in situ and laboratory conditions. Mortality/immobility was the endpoint assessed and dead/immobile organisms were counted at various time intervals during exposure. The mean calculated LT 50 values and 95% confidence intervals were 1.61 (1.36-1.87) h in the laboratory bioassays and 0.72 (0.55-0.89) h in the in situ bioassays. Statistical comparison of these values revealed a significant difference (p < 0.05). In situ bioassays were more accurate than those carried out in the laboratory, demonstrating higher sensitivity and better reproduction of what occurs in nature, while laboratory bioassays were more precise.
Introduction
Ecotoxicological laboratory bioassays employed to detect the acute or chronic effects of substances on the organisms (Boluda et al., 2002) , have become increasingly important in risk assessment studies in terrestrial and aquatic environments (Kapanen and Itävaara, 2001) . The important question is not if a chemical residue is in the environment, but whether the residue is having a significant effect on the environment (Wiersma et al., 1980) . Despite the efficiency of laboratory bioassays in demonstrating toxicity, and their consequent importance in environmental management, they may in some cases lack ecological relevance, because they are generally performed under controlled conditions and do not simulate conditions in the field (Castro et al., 2003; Moreira-Santos et al., 2004) . This reduces their predictive value and their applicability for extrapolation to natural ecosystems (Persoone et al., 1989) . According to Pereira et al. (2000) , laboratory exposure represents unrealistic conditions, therefore possibly underestimating real toxicity.
Uncertainties in the extrapolation of the laboratory data to natural ecosystems will always exist, because many physical, chemical and biological factors are integrated in the aquatic environment, being very difficult to replicate (Chappie and Burton, 2000; Pereira et al., 2000) . Persoone et al. (1989) and Lewis et al. (1993) pointed out that laboratory toxicity data can be either under-or overestimates because standard laboratory conditions are very different from natural conditions. Some factors such as sample collection, storage or handling can also alter the sample characteristics and resultant toxicity (Castro et al., 2003) . Some factors, such as the transport and handling of the test organism and uncontrolled environmental conditions, make it difficult to establish an exclusive cause for toxicity in in situ bioassays (USEPA, 2001) .
On the other hand, in situ bioassays are a means for investigating the problem of ecological relevance (Moreira-Santos et al., 2004) , thus reducing the uncertainties associated with laboratory bioassays (Chappie and Burton, 2000) . They represent a link between laboratory bioassays and environment reality (Schulz and Liess, 1999) . This association can be a valuable tool for understanding and predicting impacts on natural communities (Smolders et al., 2004) , especially if site-specific ecotoxicological information is required (Castro et al., 2003) .
Acidification studies in tropical waters are rare, although the effects on biological communities of lowering pH are similar to temperate waters (Jesus, 1996) . This study aimed to investigate the adequacy and utility of acute in situ bioassays with Poecilia reticulata in the biomonitoring of an acidic lake, as well as to assess whether the responses, accuracy and precision of in situ bioassays were similar to those under laboratory conditions.
Materials and methods

Study site
The acidic lake (Dunas Lake) is located in Camaçari (BA, Brazil) between geographic coordinates 12°48 0 09 00 to 12°48 0 12.3 00 S and 38°13 0 09 00 to 38°13 0 14 00 W. It lies within a depression, forming a narrow shallow body of freshwater between dunes along the South Atlantic Coast (da Silva et al., 2000) .
According to da Silva et al. (2000) , in the late 1980s large quantities (ca. 34 t) of both industrial and domestic solid waste including sulphur, iron, titanium dioxide and ilmenite residues were deposited on the adjacent dunes near the lake. These wastes were leached by rainwater percolating through the dunes, thus contaminating the ground-and surface-waters. There was a decrease to pH 1.8 of groundand surface-water and an increase in the concentrations of dissolved iron and sulphate, causing the precipitation of humic acids and leading to highly transparent waters with a concurrent disruption of the biological communities in the lake (da Silva et al., 1999a (da Silva et al., , 2000 .
A rehabilitation program was carried out (1992) (1993) to recover groundwater and surface water quality and reduce contamination (Gomes, 1994; da Silva et al., 1999a) . Initially, the residues were partially removed and the contaminated dune was sealed with impermeable layers of clay and topsoil (hydraulically encapsulated). An additional action was to pump groundwater to reduce the contaminated plume (Gomes, 1994; da Silva et al., 1999a da Silva et al., , 2000 . After this plan was put into practice a biomonitoring program, including bioassays with Poecilia reticulata, was established to assess the rehabilitation process of the Dunas Lake (da Silva et al., 1999b).
Sampling
Monthly samplings (n = 14) of the Dunas Lake were carried out from July 2003 to September 2004, except for August 2004. Samples were transported to the laboratory and kept at 4.0 ± 1.0°C until the next day.
Physical-chemical analysis
Dissolved oxygen content, water hardness (APHA, 1998), pH (Digi-Sense, Cole Parmer) and conductivity (Hanna HI 9033) of the samples were evaluated at the beginning and end of each experiment. Mean pH was computed by calculating the average concentration of hydrogen ions and then calculating the respective pH. Bioassay results were validated when pH variation was no higher than 10% of the initial pH value .
Test organism and acclimation
P. reticulata neonates, 10-15 days old (average length of 1.0 ± 0.2 cm), were obtained from a local aquarist who kept the fish under standardized conditions. In spite of the recommendation by OECD (1992) and ABNT (2002) to use adult P. reticulata in acute and static bioassays, neonates in early life stages were employed because they are more sensitive (Farag et al., 1993; Petersen and Kristensen, 1998) , especially under rapid pH changes (Esteves, 1998) .
The organisms were transported to the laboratory in glass flasks with sufficient air, and acclimated in 20 l glass aquaria of dechlorinated tap water for at least 24 h prior to the experiments. The fish were not fed during this period or during the experiment. Acclimation and bioassays were performed at 26.0 ± 1.0°C, in constant temperature rooms with a photoperiod of 12:12 h (light and dark). Static acute toxicity tests were carried out according to OECD (1992) and ABNT (2002) . Dechlorinated tap water, in which the fish had been reared, was used as a control.
Laboratory bioassays
Glass aquaria of 1.2 l capacity, containing 900-1000 ml of sample water, were used as test vessels. Five replicates of eight to ten fish each were tested, totalling 40-50 organisms exposed to each sample. The organisms were randomly distributed in the test vessels and fish mortality was checked every 10 min. Time was the independent variable, and samples were not diluted. Dead fish were counted and removed immediately to avoid adverse effects due to decomposition of the organisms. Behavioural changes such as loss of equilibrium and swimming disorders were recorded. Organisms were only considered dead when operculum and gill movements had ceased and there was no swimming response after stimulation with a plastic Pasteur pipette.
In situ bioassays
In situ bioassays were carried out using a test chamber constructed from a 1 l polyethylene terephthalate plastic bottle. The sides and bottom of the bottle were cut out and replaced with 1.0 mm nylon mesh. The mesh was attached with non-toxic thermal glue (Castro et al., 2003) . Five chambers were placed in the field, attached to a pole fixed in the sediment. These structures were placed approximately 2.0 m from the water's edge and ca. 0.5 m deep. The organisms used were of the same origin and age as those used in the laboratory tests. Five to seven organisms were placed in each chamber, totalling 25-35 organisms exposed in each bioassay. All fish in a single chamber were placed at the same time, with 1 min intervals between the setup of subsequent chambers. Fish were checked for mortality every 10 min, considering the different exposure times. The bioassays were terminated upon the death of the last organism. The controls consisted of totally closed test chambers which were filled with the same dechlorinated tap water used in the laboratory tests and suspended in the water column.
Data analysis
Median lethal time (LT 50 : time at which 50% of the test animals were affected) was determined by Probit Analysis. The paired Student's t-test (Zar, 1996) was used to compare the mean values for both bioassays. Differences with p 6 0.05 were considered significant. All results are given as means followed by 95% confidence intervals.
Results and discussion
Survival in all in situ and laboratory assays control was greater than 90%, thus accomplishing the recommendations from OECD (1992) and ABNT (2002) .
Dissolved oxygen concentrations were above 7.0 and 8.5 mg l À1 for Dunas Lake and control samples, respectively, and therefore did not interfere with the toxicity results.
Mean values and the respective confidence intervals of pH, conductivity and total hardness of the control and Dunas Lake water samples are shown in Table 1 . No statistically significant differences in pH (t = 0.9085, p = 0.3801), conductivity (t = 1.867, p = 0.0847) or hardness values (t = 1.887, p = 0.0835) were detected between the samples from Dunas Lake taken in situ and those from laboratory bioassays.
Mean LT 50 of the in situ bioassays was 0.72 (0.55-0.89) h, while in the laboratory bioassays it was 1.61 (1.36-1.87) h. This difference was highly significant (t = 7.617, p < 0.0001 - Fig. 1 ).
Differences frequently are observed between the responses obtained in laboratory and in situ bioassays (Castro et al., 2003; Moreira-Santos et al., 2004) . In situ bioassays, however, reduce uncertainties and errors associated with laboratory conditions (Ireland et al., 1996; Chappie and Burton, 2000) and provide more realistic results (Burton and Nordstrom, 2004) . The results of the current study indicate that toxicity was underestimated by laboratory bioassays in comparison with field tests (Tonissi and Espíndola, 2000) due to the differences between the assay conditions . This difference illustrates the discrepancy that often exists in ecotoxicological studies, especially due to difficulty in reproducing natural conditions (da Silva et al., 1998) . To these authors, although contradictory, this discrepancy is the main motive why new methodologies and strategies had been developed to reduce the uncertainty factors. According to Araú jo et al.
(submitted for publication), pH is the main factor responsible for toxicity of the Dunas Lake. It is not likely that transportation and storage of the samples (Castro et al., 2003) have interfered in the water quality in the current study, because no statistical difference was detected between mean pH values measured in the field and the laboratory (Table 1) . Table 1 Mean values and respective 95% confidence intervals (n = 14) of pH, conductivity and hardness of the control and Dunas Lake water samples from in situ and laboratory bioassays with P. reticulata
Variable Samples
Control Dunas Lake (in situ) Dunas Lake (laboratory) pH 7.45 (7.14-7.77) 3.12 (3. . Mean values and respective 95% confidence intervals (n = 14) of LT 50 from laboratory and in situ bioassays with P. reticulata exposed to Dunas Lake water samples.
In the current study, in situ bioassays proved to be more sensitive, as they showed a higher toxicity than laboratory results, and are therefore probably more accurate. Generally, in situ exposure provides more accurate results due to the more realistic conditions (Chappie and Burton, 1997; Burton and Nordstrom, 2004; Smolders et al., 2004; Burton et al., 2005) . On the other hand, the apparent higher sensitivity observed in the in situ bioassays may be influenced by the transportation and handling of test organisms . Consequently, all efforts should be made to minimize these stress factors (Chappie and Burton, 2000) , and caution is needed when interpreting bioassays results . In general, when organisms are properly transported and handled within acceptability criteria, the effects on the final results will be minimized (Moreira-Santos et al., 2004) .
Precision is reflected by the variability of the estimate (Andrew and Mapstone, 1987) , and can be demonstrated by the coefficient of variation (CV). In the in situ bioassays, the CV was 41.09%, while in the laboratory bioassays was 27.16%. Variability in the field is generally significantly higher than in the laboratory (Schulz and Liess, 1999) . Accuracy and precision are important factors in establishing the credibility of the results (Dave, 1993; Warren-Hicks et al., 2000) . Our in situ bioassays results appeared to be more accurate than laboratory bioassays, since they showed higher sensitivity. In contrast, the field tests were less precise than laboratory bioassays, because variations due to environmental factors in the field are undoubtedly higher than under controlled laboratory conditions. According to Castro et al. (2003) , laboratory bioassays supply only partial information for extrapolation to field conditions, thus they must be interpreted carefully. In spite of being more accurate, in situ bioassays are much more difficult to interpret due to the variations in conditions associated with field exposures . Indeed, the use of both bioassay types seeks to evaluate and understand the environmental process more adequately.
Several behavioural changes were observed before immobility and mortality occurred: (i) the fish, on the whole, tended to gather at the surface, motionless, with some respiratory difficulties; (ii) there was some colour change in the abdominal area, which became more whitened; and (iii) there was also a loss of equilibrium, exemplified by spiral swimming behaviour and loss of vertical orientation in the water. In general, these changes were similar to those observed by Polat et al. (2002) , Viran et al. (2003) and Yilmaz et al. (2004) in other studies.
Conclusions
In situ bioassays with P. reticulata were demonstrated to be an excellent tool for the biomonitoring of the Dunas Lake, being more sensitive than laboratory bioassays, therefore more accurate, as they reflect more efficiently the conditions of the natural environment. This type of bioassay also presents further advantage in being an easier, low cost methodology.
In spite of showing significant differences in median times to mortality (LT 50 ) between in situ and laboratory bioassays, the results do not differ ecologically speaking, since fish are not able to survive in either situation. Moreover, it should also be considered that, in both situations, mortality occurs in a short time when compared to the fish life cycle.
Laboratory bioassays should be continued in the Dunas Lake study, for the purpose of comparing present and previous results, but in situ bioassays should be introduced in the biomonitoring program due to their accuracy and credibility. In addition, an integrated assessment will increase the ecological realism and decrease eventual uncertainties related to understanding and predicting the effects of stressing agents on the biological community.
